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Abstract 
 
Noise exposures were measured in the electric and natural gas distribution operations 
workforce of a large Midwestern utility.  Both personal dosimetry and area monitoring were 
utilized to evaluate noise exposures based on job classification as well as operation of specific 
equipment or performance of certain tasks.  Job classifications were chosen for study based on 
observable noise exposures and employee requests.  Five job classifications were sampled with 
90% confidence according to NIOSH guidelines for sample sizes.  Three of the five job 
classifications were previously enrolled in the company hearing conservation program and two 
of them were not. 
The study determined that four of the five work groups met the exposure criteria for 
inclusion in an employer sponsored hearing conservation program while the fifth group did not.  
The group that did not demonstrate exposures above the inclusion criterion should not be 
excluded from the program as it was revealed that other exposures exist that were not able to be 
measured during the study.  These activities need to be evaluated before the group can be 
removed from the hearing conservation program.  All three of the task based analysis studies 
demonstrated noise exposure or the potential for noise exposure higher than regulatory limits.  
As a result of the measurements, double hearing protection was recommended for one task and 
the final task based analysis revealed potential for exposure so high that engineering controls or 
remote operation methods must be pursued. 
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Glossary of Terms (optional) 
 
Term Definition 
Action Level 
(AL) 
The exposure level of a hazard that requires medical surveillance and/ or 
additional monitoring per OSHA.  The AL is usually half of the PEL unless 
otherwise specified. 
Utility 
Distribution 
The system and operations that deliver utilities to a customer premise 
LAPK Measure by a noise dosimeter representing the highest instantaneous sound 
pressure level recorded during a monitoring session with the meter set to A 
weighting and slow response.. OSHA limit is 140 dBA 
LASMX Measure by a noise dosimeter representing the highest sound level recorded 
during a monitoring session with the meter set to A weighting and slow 
response.  Threshold is 115 dBA. 
Noise Induced 
Hearing Loss 
(NIHL) 
Permanent hearing loss or impairment caused that occurs as a result of 
prolonged exposure to excessive noise. 
Noise 
Reduction 
Rating (NRR) 
A numerical value assigned to a hearing protective device by the 
manufacturer that relates the device’s effectiveness in attenuating noise.  
Values are assigned as a result of testing in a laboratory environment. 
Permissible 
Exposure Limit 
(PEL) 
The legal limit of exposure to a hazard as set by OSHA 
Regulator 
Station 
A secure area where valves and control mechanisms are installed to control 
the flow of gas including the pressure on the system and the level of 
odorization 
Sound Level 
Meter (SLM) 
A handheld device that measures sound resulting from changes in air 
pressure as sound travels through the air. 
Town Border 
Station (TBS) 
A distribution center in the natural gas system that directs the flow of gas 
into a city’s distribution network 
Utility 
Transmission  
The system and operations that deliver the bulk flow of utilities from their 
source of generation to a distribution center 
TWA The average exposure to a hazard over a period of time, usually 8 hours 
unless otherwise specified. 
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1. Introduction 
The focus of this Industrial Hygiene report was a large Midwestern utility operation.  The 
last noise dosimetry survey conducted at this company occurred approximately eight years ago.  
During the time since this last study new processes and pieces of equipment have been 
introduced in the transmission and distribution field operations groups.  In addition, excessively 
loud infrequently performed tasks were not evaluated in the previous study.  Since the 
aforementioned study, job titles and job descriptions have changed along with apprenticeship 
training program content, structure and duration.  This evaluation, performed between April and 
July 2016, aimed to determine the noise exposures to individuals by job classification as well as 
provide evaluation and control methods to protect workers’ hearing during performance of tasks 
that may generate noise in excess of regulatory limits. 
The large scope of a hearing conservation program in utility transmission and distribution 
posed a challenge and as a result, the investigation was narrowed but designed in a manner that it 
can be expanded and repeated to continually evaluate the remaining job classifications, new 
processes, and changes.  Job classifications, equipment and processes were selected with input 
from the workforce identifying the loudest, most often used equipment.  Current dedicated safety 
staff consists of a manager, eight field safety supervisors, and two administrative support staff 
for a mobile workforce of 986 field personnel.  One industrial hygiene professional is assigned to 
the electric generation facilities; however no industrial hygiene services are readily available to 
the delivery operations group.  Each field safety supervisor is assigned to a geographic region 
with one large work center in a metro area with smaller rural work centers providing services in 
the outlying areas.  The company provides electricity and natural gas to approximately 1.5 
million customers in a 10,600-square mile area in four Midwestern states. 
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Operations groups are dedicated to either natural gas or electric operations and organized 
into six local jurisdictions centralized around six large cities with associated smaller rural 
outposts.  Due to the presence of other utilities, rural electric cooperatives and municipal utility 
providers, not all the company operations centers provide both electric and natural gas services.  
The nature of work is somewhat different from one jurisdiction to another with some work 
groups performing more construction tasks (areas experiencing growth) and other work groups 
performing more emergency response and maintenance (areas with older facilities).  In addition, 
due to the growth of the company through mergers and acquisitions over the years, several 
different job titles describe the same types of work in different jurisdictions.  As a result of these 
differences, each of the six jurisdictions was treated as a unique population and the noise 
exposure in one of these jurisdictions was investigated in this study.  The intent is for the study 
to be repeated in each jurisdiction to evaluate noise exposure according to different work break 
downs and job titles. 
The operations groups followed in this study perform tasks associated with transmission 
and distribution of electricity and natural gas in the heaviest populated jurisdiction in the 
company.  Two large work centers are located on opposite sides of a metropolitan area of 
approximately 600,000 people with three smaller work centers in smaller towns in the outlying 
areas.  The territory is approximately 2500- 3000 square miles covered by approximately 275 
field employees.  Transmission and distribution tasks include maintenance, construction and 
emergency response of facilities that transport electricity or natural gas from generation facilities 
to communities.  Distribution operations involve maintenance, construction and emergency 
response on facilities that distribute electricity and natural gas from substations (electricity) or 
town border stations (natural gas) to individual customers.     
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2. Literature Review 
2.1. Noise 
Occupational noise exposure and associated hearing loss have been well researched and 
are well understood (Arezes & Miguel, 2005) and is 100% preventable; however, it is reported in 
approximately 10 million workers annually in the US (CDC, 2015).  Noise induced hearing loss 
(NIHL) generally occurs over a long period of exposure, developing unnoticeably and gradually 
as time passes (ACOEM, 2002).  Noise exposures contributing to NIHL can be continuous or 
intermittent in nature and cause hearing loss as a result of damage to the hair-like cells of the 
cochlea.  Damage to these cells is irreparable and results in permanent hearing loss (Dunn, 
2000).  The National Institute for Occupational Safety and Health (NIOSH) estimates that 
somewhere between 22 million (CDC, 2015) and 30 million workers are overexposed to noise in 
the US each year (May, 2000).  NIHL is prevalent across industries (Aybek, 2010) and is not 
unique to workers in the US, as hearing loss accounts for approximately one third of the 
occupational illnesses reported in Europe (Fernandez et. al., 2009).  In a study by Masterson et. 
al. (2016) 23% of workers who were exposed to noise presented difficulty in hearing compared 
with only 7% of those not exposed.  Fifteen percent of participants who had been exposed to 
noise suffered from tinnitus and 9% experienced both hearing loss and tinnitus.  Only 5% of 
participants from the non-exposed group reported tinnitus and 2% reported effects of both 
tinnitus and hearing loss.  In addition to long term consequences, noise and hearing impairment 
cause employees to miss contextual cues or warning sounds leaving them unaware of safety 
hazards in their work area.  In either case, noise and hearing impairment results in increased 
incidence of injury or other accidents (Ljungberg & Neely, 2007)). 
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Noise induced hearing loss occurs as a result of damage to the structures of the ear.  This 
type of damage can occur from a one-time incident, but most often results from years of repeated 
overexposure with inadequate rest and recovery time.  Sound travels through the air as a 
compression wave causing objects to vibrate.  Figure 1 illustrates the structure and function of 
the human ear. 
 
 
Figure 1: Anatomy of Human Ear (Benjamin & Benjamin, 2002) 
 
The external ear captures sound waves and directs them through the ear canal to the tympanic 
membrane causing the tympanic membrane to vibrate.  As sound gets louder, the amplitude of 
the wave gets larger and the vibration is more intense.  The tympanic membrane is physically 
connected to a series of three bones (the malleus, incus and stapes) which form a bridge to the 
cochlea.  The cochlea is a fluid filled structure with hair-like cells on its inner walls.  When the 
vibrations from sounds are conducted through the three bones the cochlea then vibrates which in 
turn vibrates the fluid inside and the hair-like cells on the inner wall.  Hairs of different lengths 
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vibrate in conjunction with sounds of associated frequencies, transforming the mechanical 
vibrations to electrical stimuli via nerve sensation.  This allows the hearer to decipher sound and 
differentiate between pitches.  When sounds of a certain frequency are too loud, the hairs that 
vibrate accordingly can be damaged or broken and their function can be impaired.  This 
diminishes the ability to hear at that frequency, meaning a sound may need to be louder at that 
frequency in order to be heard in the future (Benjamin and Benjamin, 2002).  Presently, hearing 
loss resulting from damage to these hair-like cells is irreversible; however, new research is 
showing promise in identifying proteins, manipulating stem cells and performing gene therapy 
that could lead to a cure for hearing loss (Li, H. et. al., 2004). 
Leather, Beale and Sullivan (2002) reviewed several pieces of pertinent literature citing 
the negative impacts of noise exposures in the workplace.  Hearing loss causes reduced quality of 
life for the affected individual and their family and can lead to financial stress due to increased 
costs of medical tests, hearing aids and continuous medical treatment (McReynolds, 2005).  In 
addition to hearing loss, noise exposure has been linked to cardiac problems, psychological 
distress, fatigue, job stress, increased blood pressure, decreased job satisfaction, decreased 
productivity, slower learning, reduced recall and memory ability and increased absenteeism 
(Leather et. al., 2002). In addition to negative impact on the individual worker, noncompliance 
with hearing conservation standards can result in citations, fines, loss of productivity, decreased 
employee morale and increased worker compensation costs (McReynolds, 2005).   
The negative effects on performance vary with the type of noise and the task being 
attempted more than on the actual sound levels (Banbury et. al., 2001).  According to a study by 
Ljungberg & Neely (2007) the stress caused by noise is perceived stress not actual biological 
stress.  Participants completed a noise sensitivity survey prior to the study and the findings 
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indicated that people who are more sensitive to noise felt more stress when performing cognitive 
tasks in a noisy environment.  Exposure to environmental stressors such as noise can negatively 
impact worker performance, focus, and cognitive function.  The effects of noise are essentially 
subjective and directly related to the participants’ noise sensitivity. 
2.2. Construction Noise 
Construction workers experience great potential for noise overexposure (Kock et. al., 
2004) and as a result demonstrate high incidence of occupational hearing loss (Hong, 2005).  
Noise generated by construction equipment ranges from approximately 90 dB to 120 dB 
(Spencer & Kovalchik, 2007) and is loud enough that dosimetry samples indicate exposures 
above the 8 hour TWA occurring in sampling periods of 2 to 6 hours (Neitzel et. al., 2011).  
Battery operated hand power tools generate noise in the 90 dB range with combustion powered 
tools operating at up to 115 decibels (Spencer & Kovalchik, 2007).  Heavy construction 
equipment such as excavation machinery produces noise at levels up to 120 dB (Seixas, 2004).   
A ten year longitudinal study by Neitzel et. al. (2011) showed no downward trend in noise 
exposures in the construction industry.  As a result, noise and occupational hearing loss remains 
a prominent concern in the construction trades (NIOSH, 1998).  Noise exposures in the 
construction industry are unique from day to day and across trades making it difficult to assess 
exposures and minimize health risks (Loomis and Kromhout, 2004 & Kromhout, 2002).  Electric 
and natural gas utility employees perform many of the same tasks, operate many of the same 
types of equipment and use the same hand and power tools that are used in general construction.  
In the operations of this utility it has been observed that utility employees often work adjacently 
to construction contractors either coordinating on the same project or installing the facilities that 
will provide power and gas to the end product. 
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Operators of heavy construction equipment generally show the highest exposure levels 
(Spencer & Kovalchik, 2007).  Dosimetry studies of laborers, carpenters and ironworkers also 
indicate heavy noise exposure with 40% of samples over the Occupational Safety and Health 
Administration (OSHA) Action Level (AL) (85 dBA) and 13% over the OSHA Permissible 
Exposure Limit (PEL) (90 dBA) (Neitzel et. al., 1999).  Heavy equipment operators typically 
experience noise exposures of over 90 dBA expressed as an eight hour time weighted average 
(TWA).  The TWA method is used to average the noise exposure over the time period worked 
and compare it to a regulatory exposure limit which a worker can be exposed to over an eight-
hour day.  Spencer & Kovalchik (2007) studied various trades and found that operation of gas 
powered saws generated the third highest TWA exposure in only a 1 to 3 hour sample.  The 
exposure would have been much greater had the operation continued for an entire shift. 
A study of electrical workers, often viewed as the least exposed of the trades, resulted in 
exposures over the OSHA AL of 85 dBA in 25% of dosimetry samples and exceeded the PEL of 
90 dBA in 5% of samples (NIOSH, 1998).  Task based assessments show electrical workers 
tasks to be quiet, indicating that their noise exposure results not from their own tasks, but from 
the noise of other work in the environment (NIOSH, 1998).  Noise on a construction site is loud 
enough that dosimetry samples indicate exposures above the 8 hour TWA occurring in sampling 
periods of 2 to 6 hours (Neitzel et. al., 2011).     
2.3. Noise Control and Risk Perception 
Employees exposed to noise above 85 dBA TWA8 are required to be covered under a 
Hearing Conservation Program administered by the employer.  Effective Hearing Conservation 
Programs provide benefits to both employees and employers.  Employers experience higher 
productivity, increased employee morale and lower worker compensation claims when noise 
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exposures are prevented or employees are protected from noise.  Employees experience 
increased quality of life, lower incidence of stress related illness and decreased incidence of 
hearing loss (Franks et. al., 1996).  Employees covered by a hearing conservation program must 
receive annual training including the following topics: 
 the effects of noise on hearing 
 the purpose of hearing protectors 
 the advantages and disadvantages of various hearing protectors 
 the attenuation of various hearing protectors 
 selection, fitting, use and care of hearing protectors 
 the purpose of audiometric testing and explanation of the test procedures 
In addition to training, employees exposed to noise above the AL must be given an annual 
audiogram and be provided the results if their test results indicate a significant threshold shift.   
Employers must retain the audiogram records for the duration of the employment.  The employer 
also must institute a noise exposure monitoring program that evaluates the exposures to 
employees and provides adequate information to make effective hearing protection choices.  
Monitoring must be performed whenever processes, equipment, production or controls change in 
a manner that may increase noise exposure.  Employers must share the results of monitoring with 
any employee who is exposed above the AL and must allow employees or their representative to 
observe monitoring processes.  Noise monitoring records must be retained and are considered 
valid for two years (OSHA, 2016a). 
Even though much is known about NIHL, work related hearing loss continues to be an 
issue across industries and countries.  Engineering and administrative controls only protect 
workers when they are feasible and used.  Hearing protective devices fill the gap by reducing 
noise exposure below damaging exposure limit levels (Michael, 1998).  Several control methods 
exist for noise reduction and hearing protection.  In the construction industry, engineering and 
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administrative controls are typically not feasible (McReynolds, 2005).  Mobility of operations 
and budgets restrict the use of sound absorption, barriers and exposure time limits.  Newer 
equipment with muffled exhaust systems operate at lower noise levels than equipment with 
straight stack exhaust designs.  Closed cab equipment is available and provides protection for the 
operator even if it has no sound absorbing materials incorporated (Spencer & Kovalchik, 2007).   
Noise exposure in the construction industry can be controlled to some degree by isolating noisy 
processes and purchasing equipment that incorporates noise control (Seixas et. al., 2005).  
Another option involves providing quiet areas for rest and break periods which reduces 
cumulative exposure and TWAs.  In certain situations, hearing protective devices constitute the 
most practical and cost effective means to protect workers and prevent hearing loss 
(McReynolds, 2005).   
Most construction companies use hearing protection devices as the first choice in noise 
reduction (Seixas et. al., 2005).  Earplugs and muffs provide a temporary or transient protection 
of hearing, but due to their low cost and ease of use they are often implemented as a stand-alone 
solution by employers (Morata et. al., 2001).  Employer’s use of hearing protective devices as a 
The sole protection measure for noise places the prevention of NIHL solely in the control of the 
employee.  The employees’ decision to use the protective devices or not depends on each 
individual’s attitude, perception and knowledge toward noise and hearing loss as well as their 
proficiency and consistency in using the hearing protective devices (Morata et. al., 2001).  
Physical attributes of the worker including size and shape of the ear canal and manual dexterity 
along with the individual’s commitment to the use of hearing protective devices influences the 
actual noise exposure experienced by the worker (Michael et. al., 2011).  Workers exposed to 
noise often fail to wear the hearing protection when necessary and continue to experience 
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permanent hearing loss (Arezes & Miguel, 2005).  In a study of electricians, Seixas, Neitzel, 
Sheppard and Goldman (2005) found electricians wearing their hearing protection devices only 
14% of the time. 
Hazards presenting invisible risk tend to be ignored.  Damage to hearing is not noticeable 
on a day to day basis and typically no impact is felt.  This leads employees to overlooking the 
need for hearing protection unless the noise is so loud that it causes discomfort or pain.  The 
employee will make decisions based on comfort.  If the hearing protective devices are 
uncomfortable or other controls cause discomfort they will work around the controls to be 
comfortable (Arezes & Miguel, 2005).  In order to provide effective protection and prevent 
damage to the ears and resulting hearing loss, hearing protective devices must be properly fitted, 
properly inserted and worn for the entire duration of the noise exposure (Arezes & Miguel, 
2005).  Workers cite discomfort and interference with communication as reasons they do not use 
hearing protection devices (Melamed et. al., 1996).  For instance, closed cab equipment may be 
in use, however if the cooling system is not maintained, operators will open the windows for 
personal comfort, thus eliminating the majority of protection provided by the cab (Spencer & 
Kovalchik, 2007).  For these reasons, individual risk perception should be a main consideration 
in hearing conservation training programs (Arezes & Miguel, 2005). 
Employees who have been trained and are provided controls continue to experience 
NIHL.  One of the main reasons behind this continuing health and safety problem is the 
dependence on each individual worker to recognize when hearing protection is necessary, wear 
hearing protection when it is necessary and achieve a proper fit of their hearing protective 
device(s).  Hearing protective devices are assigned noise attenuation ratings by manufacturer 
testing in laboratory conditions.  Several of these attenuation ratings give the hearing protective 
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devices a rating much higher than what can and will be achieved in field conditions.  To 
complicate things further, each hearing protective device will provide different attenuation in 
different users due to differences in the shape and structure of each person’s ear and their ability, 
training and/or diligence in inserting the device properly.  Safety professionals are at a 
disadvantage at determining effectiveness of personal hearing protective devices as an 
individual’s achieved attenuation is not observable by anyone other than the individual (Bessette, 
2011).  In a study of 100 workers it was determined that one third of those tested achieved 
attenuation higher than the manufacturer’s assigned value, one-third demonstrated attenuation 
within 5 dBA plus or minus of the manufacturer’s assigned attenuation value and one third of 
those tested showed attenuation more than 5 dBA below the manufacturer’s assigned attenuation 
value (Witt, 2007).  In addition to verifying attenuation data or intervening with employees who 
may not be achieving maximum attenuation, ear plug fit testing provides an opportunity for one-
on-one interaction with employees.  This interaction provides the guarantee that the individual’s 
attention is captivated and also removes the possibility of embarrassment discouraging the 
employee from asking questions or asking for help.  In an individualized setting the safety 
professional can evaluate the proper hearing protection for each person’s job and environment, 
help the employee choose the most comfortable device and consider the individual employee’s 
need to communicate while wearing hearing protection and select the best option.  Fit testing 
procedures also provide a route to document fit testing training and evaluate the effectiveness of 
the employer Hearing Conservation Program (OSHA, 2008). 
2.4. Noise Sampling and Exposure Assessment 
It is common to use dosimetry to evaluate the noise exposure of individuals by 
determining an eight hour TWA.  However in the construction industry (and utility transmission 
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and distribution) where workers are transient and tasks and exposures vary from day to day, task 
based exposure assessment becomes an advantageous evaluation tool.  Task based exposure 
assessments provide better information to identify exposures and prescribe controls for workers 
with various job assignments of variable duration (Seixas et. al., 2003).  These individualized 
evaluations enable the safety/ industrial hygiene professional to accurately identify high 
exposure tasks even though they may be masked by a longer duration dosimetry sample (Virji, 
et. al., 2009).  Due to the nature of the dosimetry based TWA; high exposure tasks can have 
minimal impact on a TWA when performed for short duration.  In the same manner, low 
exposure tasks can greatly impact a TWA when performed for long durations (Anderson, 1995).  
A study by Virji, et. al. (2009) used worker diaries paired with shift noise profiles to correlate 
exposure to tasks.  The workers recorded the time, task and jobsite conditions in a diary that was 
then compared to the noise profile of their shift.  This study showed that workers can recognize 
conditions and would be able to make informed decisions regarding noise conditions. With the 
right training these workers should be able to identify conditions requiring hearing protection 
and use the protective devices.  
3. Materials and Methods 
3.1. Sampling Strategy 
To determine noise exposure among employees and ensure proper noise control measures 
are assigned to loud tasks, noise was investigated using both personal noise dosimetry and a 
Sound Level Meter (SLM).  Employees were defined in similar exposure groups based on job 
titles within departments and sample size was determined using 90% confidence values from the 
NIOSH sample determination guidelines (Figure 2) (Leidel et. al., 1977).   
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Figure 2: NIOSH Sample Determination (Leidel et. al., 1977) 
 
Eleven field operations groups were identified and five were selected to be studied using 
personal dosimetry in this first round of investigation.  The Gas Service Department was chosen 
as a result of restructuring of the department.  These employees are not exposed to noise levels 
near 85 dBA during their normal duties; however their job was recently redesigned to allow them 
to work on the construction crews when the service work is slow.  The Gas Meter and Regulation 
Department was chosen because they had previously been removed from the hearing 
conservation program and had questionable exposure during specific tasks.  The other three 
groups in this study were chosen based on their physical proximity to the first two groups 
providing convenience for collecting multiple samples each day.  Employees were chosen for 
sampling simply by randomly choosing a day to sample a particular group and sampling every 
person who was available to be sampled that day.  Due to the outdoor nature of work, several 
days were lost to poor weather altering work schedules. 
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To choose processes for task based evaluation, employees were polled to identify loud 
tasks and equipment.  Three of these recommendations were chosen for investigation using 
SLM.  Priority was given to processes lacking previous data, processes known to be excessively 
loud and tasks that are frequently performed.  Some tasks were identified to be investigated but 
are performed so infrequently that there was no opportunity for investigation during the timeline 
of this study.  This study was designed to be easily duplicated when these tasks are scheduled 
and department directors have been notified that the study needs to be conducted the next time 
the task is performed. 
The data collected for evaluation included time weighted average (TWA), percent dose, 
maximum A weighted sound (LASMX) and A weighted peak or impact noise levels (LAPK).  These 
values were chosen due to easy comparability to requirements for inclusion in the hearing 
conservation program.  The dosimeter settings (threshold 80 dBA to 130 dBA, criterion 85 dBA, 
exchange rate 5) were chosen based on The OSHA Technical Manual and ease.  Using these 
settings, a dose of 100% or TWA8 of 85 dBA indicates criteria for enrollment in the hearing 
conservation program.  In addition, LASMX levels of greater than 115 dBA indicates possible 
overexposure to short term recommendations and LAPK greater than 140 dBA indicates exposure 
to impact noise over the regulatory limit and thus inclusion in the hearing conservation program.   
3.2. Noise Measurement Equipment 
3.2.1. Dosimeters 
3M Edge 5 dosimeters provide the opportunity to monitor three different criteria 
simultaneously.  All three meters on each dosimeter were set to the A weighted scale and slow 
response.  One meter of the dosimeters was programmed with a lower threshold of 90 dB and an 
upper threshold of 130 dB with a 90 dB criterion level and an exchange rate of 5 dB to assess 
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worker exposure in relation to OSHA PEL.  A second meter was set with a lower threshold of 80 
dB and an upper threshold of 130 dB with a criterion of 85 dB and an exchange rate of 5 dB to 
determine whether or not a job classification should be included in the hearing conservation 
program (3M Edge Dosimeter User Manual).  The third meter on the Edge 5 Dosimeter was set 
to the ACGIH monitoring standard with a lower threshold of 80 dB and an upper threshold of 
130 dB, a criterion level of 85 dB and a 3 dB exchange rate (ACGIH). 
Ambient temperatures during monitoring were within the acceptable range of -20o F to 
140oF and the instruments were acclimated to ambient temperature for a minimum 15 minutes 
prior to monitoring.  All monitoring occurred at elevations of between 600 and 800 feet above 
sea level which requires no correction of results.  Dosimeters were pre and post-assessment 
calibrated at 114 dB and 1000 Hz with the 3M AC-300 calibrator.  Dosimeters were placed 
between the ear and the upper chest as close to hearing zone as possible with two points of 
securement available (OSHA Technical Manual).  All 3M personal dosimeters and AC-300 
calibrator were factory calibrated and recertified in March 2016.  Data from instruments 
recording greater than plus or minus 2 dBA on post calibration were discarded from the study. 
3.2.2. Type II Sound Level Meter 
Individual noise sources were evaluated for specific controls using a Larson Davis 
SoundTrack LxT, serial number 0001090.  The meter was programmed using SLM-Utility G4 
software from Larson Davis.  The meter was set to A scale with slow response and a range of 80 
dB to 130 dB (OSHA Technical Manual).  The Larson Davis SoundTrack LxT was calibrated 
with the CAL 150 calibrator both before and after each monitoring session at 1000 HZ and 114 
dB (Larson Davis). 
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3.3. Exposure Monitoring Process and Similar Exposure Groups 
3.3.1. Exposure Monitoring Process 
All participants were briefed according to the OSHA Technical Manual guidelines prior 
to monitoring.  The brief included information regarding the operation and function of the 
dosimeter and sound level meter.  The employees were given an opportunity to operate the 
equipment and were informed that the monitoring was being performed to evaluate the 
effectiveness of the hearing conservation program as well as the current noise control 
applications in use.  The dosimeter display was explained and it was demonstrated how to read 
the current noise levels.  Employees were free to ask questions regarding the monitoring devices 
and process.  They were given the following information and instructions: 
 The monitors do not record voice, only sound levels. 
 The monitors should not interfere with their normal work. 
 Check the monitor a couple of times during the shift to ensure it is still double 
secured. 
 Check the monitor a couple of times per shift to ensure the windscreen is still 
securely attached. 
 Leave the monitor in place until the end of shift when it is removed by the IH 
Professional. 
 Keep the dosimeter on the outer layer of clothing, which means adjusting the 
placement if layers of clothing are added or removed. 
 
3.3.2. Similar Exposure Groups 
Exposure groups were chosen with input from employees, front line supervisors, 
management and other safety professionals.  Three of these groups were already covered in the 
hearing conservation program, however with new tasks and equipment current controls needed to 
be evaluated to determine adequacy of protection.  Two groups were not previously covered in 
the hearing conservation program, having been removed as a result of the previous dosimetry 
study.  They were included in this study after interviews with employees regarding their job 
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tasks, public noise complaints against the department, and revelation that there was no sampling 
strategy employed during the previous dosimetry study that guaranteed an accurate assessment of 
actual noise exposure.  The workers had been removed from the program based on the dosimetry 
samples collected on workers during one week of the year with no consideration given to the 
seasonal nature of the work or inclusion of the loudest tasks performed by these employees. 
3.3.2.1. Line Mechanic- Construction Crew 
The Line Mechanic- Construction Crew job classification is included in the current 
hearing conservation program.  These employees perform various tasks from day to day involved 
with building and maintaining power distribution systems.  Employees in this group work 
regularly scheduled 40 hours per week over five – eight hour work days.  They work extended 
hours on storm response and restoration as well as after-hours emergency by call out.  They 
operate large trucks, Freightliner FL70s, equipped with power take-off (PTO) driven augers and 
booms.  They tear down and replace poles, string new line, operate equipment in the installation 
of underground electric facilities and install underground electric transmission and distribution 
facilities.  The equipment they operate includes underground boring equipment, excavators, 
trenchers, forklifts, front end loaders, generators, pumps, augers, chainsaws, mini bulldozers, 
impact power tools, hand held power presses and various hand held battery operated power tools.  
These employees may experience an arc flash event due to equipment failure or load issues on 
the system while they are working, exposing them to impulse noise up to 140 dB.  The noise 
exposure of an employee in this job classification varies from day to day.  In a work group of 54 
Line Mechanics, 18 dosimetry samples will be randomly taken.  This will provide 90% 
confidence that at least one employee from the highest 10% of exposure will be monitored 
(Leidel et. al., 1977). 
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3.3.2.2. Line Mechanic- Service Department 
The Line Mechanic- Service Department job classification is also currently included in 
the hearing conservation program.  These employees respond to outage notices and provide 
trouble shooting services.  These employees work a 40 hour work week in a 5 day 8 hour 
schedule.  These employees often exceed 40 hours per week, including double shifts, due to 
staffing shortages and 24-7 coverage.  They perform credit orders- terminating and restoring 
service as well as construction services- performing temporary and permanent power hook ups 
for customers.  These employees routinely replace blown fuses in system protective devices, 
each time exposed to a potential noise exposure up to 140 dB depending on if the fuse holds or 
blows.  Continuous noise exposure exists from the Ford F550 fleet vehicle they operate as a one 
man mobile shop.  The vehicles are equipped with PTO driven booms hoisting a one man service 
bucket which generates low dose noise exposure continuously throughout the day.  These 
employees experience noise exposure from extraneous activities as they traverse construction 
sites frequently.  They operate a few battery operated tools and presses and set generators and 
auto-transformers for customers whose power cannot be restored in a timely fashion.  In a work 
group of 17 Line Mechanics, 12 dosimetry samples will be randomly taken.  This will provide 
90% confidence that at least one employee from the highest 10% of exposure will be monitored 
(Leidel et. al., 1977). 
3.3.2.3. Gas Technician- Construction Crew 
The Gas Technician- Construction Crew classification currently participates in the 
hearing conservation program.  Employees in this designation perform tasks associated with the 
construction, maintenance and emergency repair of natural gas transmission and distribution 
system components.  In the line of these tasks employees are exposed to noise from blowing gas 
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on lines carrying natural gas up to 120 pound pressure.  In addition, the department’s employees 
perform pressure checks and operate large trucks of various makes and models, dump trucks, 
excavation equipment, trenchers, boring equipment, jack hammers, concrete saws, pneumatic 
tools, and hand held battery operated tools.  In a work group of 50 Gas Technicians, 18 
dosimetry samples will be randomly taken.  This will provide 90% confidence that at least one 
employee from the highest 10% of exposure will be monitored (Leidel et. al., 1977). 
3.3.2.4. Gas Technician-Service Department 
The Gas Technician- Service Department is not currently enrolled in the hearing 
conservation program.  These employees generally respond to emergency situations, investigate 
gas leaks and carbon monoxide reports, disconnect and restore gas and electric service, build and 
install meter sets, perform minor repairs in customer homes and relight appliances after gas 
outages.  These employees typically do not generate noise exposure from their own activities, 
though a few of the activities are noisy, they are exposed to noise from other work activities 
being performed by others in the areas they must operate.  Employees in this department rotate 
responsibilities on the “fitting truck” which incorporates pipe fitting tasks in the assembly and 
installation of new gas meters.  In a work group of 20 Gas Technicians, 13 dosimetry samples 
will be randomly taken.  This will provide 90% confidence that at least one employee from the 
highest 10% of exposure will be monitored (Leidel et. al., 1977). 
3.3.2.5. Gas Meter and Control Technician 
 
The Gas Meter and Control Technicians install and maintain regulators on the gas 
system, odorize the gas system, repair and calibrate equipment, test meters and regulators, 
operate valves on the gas system, perform pressure checks on the gas system and realign system 
valves to direct gas flow.  These employees were removed from the hearing conservation 
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program after the aforementioned dosimetry study however, noise complaints from the public 
regarding their activities warrants further evaluation.  In emergency situations, these employees 
are potentially exposed to the noise resulting from blowing gas on lines pressurized up to 120 
pounds per square inch (psi).  These employees relieve gas pressure on the transmission system 
in preparation for repairs and are exposed to the noise of blowing gas at pressures up to 760 psi.  
In addition, the department recently incorporated a new process used to burn off residual gas in a 
line or to burn off gas that has been over-odorized to prevent being inundated with gas leak calls.  
During the process, a portable stack on a gooseneck trailer is parked at a regulator station and 
hooked up to the system.  The gas flow is directed to this temporary stack (approximately 35 feet 
tall and 2.5 feet in diameter) and burned resulting in noise comparable to a giant torch.  In 
October of 2015 this process was subject to public noise complaints and noise measurements 
revealed 112 dBA 50 feet from the stack at 50% throttle measured by a 3M Edge 5 personal 
dosimeter.  In a work group of 13 Meter and Control Technicians, 11 dosimetry samples will be 
randomly taken.  This will provide 90% confidence that at least one employee from the highest 
10% of exposure will be monitored (Leidel et. al., 1977). 
3.4. Task Based Exposure Assessments 
The following pieces of equipment and tasks were included in the study as a result of 
informal inquiry with employees and requests by management to evaluate new equipment. 
3.4.1. Hydro Excavation 
The crews use hydro excavation equipment by Vermeer Corporation, model VX50-500 
which comes equipped with a 49 horsepower engine, cyclonic filtration and a 5.6 gallon per 
minute 3000 psi pressure system for cutting through the ground.  The unit also includes a water 
heater for operation in winter conditions (Vermeer, 2013).  The process of excavating one hole 
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takes approximately 45 minutes from set up to finish and the crews can usually complete up to 
five jobs per shift if the locations are in close proximity to each other.  The equipment is towed 
by a Freightliner FL80 Digger Derrick with PTO which contributes to the noise of the operation.  
During weather extremes the truck remains at idle to provide climate controlled facilities for rest 
periods.  The pressurized water system and vacuum arm are located on a rotating boom that 
operates in approximately 200 degrees off the back of the chassis.  This allows some 
dissemination of noise due to the distance between the operators and the power train.  Another 
confounding noise source involves the variable traffic levels of jobsites.  The equipment is 
generally used to dig holes for new pole structures or to locate underground utility facilities in 
order to avoid a line strike while excavating.  In either case, these facilities are generally next to 
roads which have a varying degree of traffic depending on location and time of day.  During the 
process one employee wore custom molded ear plugs with a Noise Reduction Rating (NRR) 33 
and one employee wore Howard Leight QB100 ear plugs with NRR 27. 
3.4.2. Underground Boring 
The noise generated by a Vermeer Navigator D 20 x 22 horizontal bore machine (Figure 
3) was evaluated.  This machine is powered by a Kubota 3800 Turbo Diesel engine.  This 
provides 83 horsepower and the capability for 2400 revolutions per minute (rpm) at the bore 
head.  The cooling fluid is pumped to the machine reservoir by a 5.5 horsepower Honda engine 
on an adjacent bulk water tank mounted on a trailer (Figure 4) (Vermeer, 2015). 
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Figure 3: Vermeer 20 x 22 Horizontal Boring Machine 
 
 
Figure 4: Auxiliary Water Tank Trailer with Honda Generator 
 
The tasks performed using this equipment endure for anywhere from one to six hours and 
require at least two employees, one operating the equipment and one locating utilities in 
proximity to the underground installation.  The operator is equipped with a noise minimizing 
headset allowing him to hear the machine communications.  The bore crew carries Howard 
Leight Max Foam ear plugs (NRR 33) on the truck for use during this operation. 
3.4.3. Gas Blow Down 
Several times each year gas transmission and distribution lines carrying natural gas at 
pressures up to 800 psi must be purged.  Each time the purging process is performed by isolating 
a section of pipe by opening and closing valves identified in mapping and installing a vent stack 
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in a regulator station.  The diameter of vent stacks is fabricated based on the diameter and length 
of pipe to be evacuated.  The engineer generally tries to design the process to take less than one 
hour to evacuate the section of pipe. The blow down operation documented in this study 
accomplished the evacuation of between five and six miles of 10” diameter transmission pipeline 
with an initial pressure of 125 psi through a 4” stack in approximately 40 minutes.  The 
employees involved in the operation discussed previous operations relating venting pipelines at 
pressures up to 760 psi that generated noise so loud they could feel their insides vibrating.  They 
also described purging operations that were not engineered properly and took several hours to 
vent.  The employees must remain onsite during the process until the system is closed.  During 
this process, the employees either reenter their vehicles after the initial valve opening or stand on 
the other side of the truck using the truck to block the sound.  The noise encountered during this 
operation is similar to the noise generated by a gas leak until the leak can be isolated allowing 
the lines to be cleared.  During this process employees wore single hearing protection and one 
employee wore ear muffs in addition to ear plugs.  The plugs chosen by the employees were 
Howard Leight Max Foam plugs with NRR 33, and Howard Leight Air Soft plugs with NRR 27. 
4. Results 
4.1. Similar Exposure Groups 
4.1.1. Line Mechanic- Construction Crew 
The noise exposure in the Line Mechanic Construction Crew job classification (N = 18) 
measured as a TWA8 ranged from 71.1 dBA to 86.3 dBA as shown in Table 1.  The tasks 
performed by this work group (hydro excavation, underground boring, trenching etc.) expose 
them to noise up to 143 dBA for an A weighted peak rating and a sustained 104.9 dBA on the 
underground boring equipment, 113 dBA for an A weighted peak and a sustained measurement 
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of 101 dBA on the Vermeer trencher, and 131 dBA for a A weighted peak and a sustained 99.5 
dBA on the Vermeer Hydro Excavation equipment used by most groups.  Measurements were 
observed on personal dosimetry reports and verified using a SoundTrack LXT (Type II Sound 
Level Meter) by Larson Davis serial number 0001090.  The noise documented in this group 
resulted in a mean exposure 78.4 dBA with a SD of 4.4. 
The criteria used for personal dosimetry included thresholds of 80 dBA to 130 dBA with 
a criterion level of 85 dBA.  These standards would require any employee at or above 85 dBA 
TWA8 or equal to or greater than 100% dose be included in the company Hearing Conservation 
Program.  According to OSHA regulations these employees’ noise exposure during line 
construction and maintenance tasks surpass the threshold for inclusion in an employer hearing 
conservation program in one sample collected.  In addition, the exposures measured as LASMAX 
and LAPK are above the recommended limits for unprotected workers of LASMAX 115 dBA in five 
samples and required limit for LAPK 140 dBA for two of the samples (3M, 2008).  As a result, 
employees in this job classification should remain in the hearing conservation program. 
Table 1: Noise Exposures in Line Mechanic Crew Department 
Serial Number Job Class 
TWA(8) 
dBA 
Dose 
% 
Lapk 
dBA 
Lasmx 
dBA 
10 Hour Dose 
% 
16 Hour Dose 
% 
100299 LC 78.8 42.9 119.3 117 53.4 85.8 
100330 LC 80.9 57.3 124.6 108.7 71.6 114.6 
100340 LC 82.2 68.3 127.9 108.6 85.4 136.6 
100299 LC 76.4 30.5 129.1 105 38.1 61 
100341 LC 81.9 65.8 131 110.9 82.3 131.6 
100341 LC 71.1 14.6 132.2 107.5 18.3 29.2 
100330 LC 83.2 78.2 132.9 110.9 97.8 156.4 
100340 LC 69.8 12.3 133 117.5 15.4 24.6 
100339 LC 75.3 26.3 133.5 111.9 32.9 52.6 
100299 LC 77.2 34.2 133.7 109.8 42.8 68.4 
100330 LC 73.2 19.5 134.4 118.6 24.4 39 
100339 LC 80 50.2 134.4 117.5 62.8 100.4 
100341 LC 75.2 26 134.7 113.1 32.5 52 
100341 LC 81 57.6 138.5 109.5 72 115.2 
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100339 LC 76.3 30.2 141.5 118.5 37.8 60.4 
100340 LC 83.1 76.8 141.9 129 96 153.6 
100330 LC 86.3 119.7 xxxxxx xxxxxx 149.6 239.4 
100340 LC 79.4 46 xxxxxx xxxxxx 57.5 92 
 
4.1.2. Line Mechanic- Service Department 
The noise exposures in the Line Mechanic Service Department, shown in Table 2, (N = 
12) ranged from 54.8 dBA to 79.2 dBA with a mean of 69.08 and a standard deviation of 6.79.  
None of the samples collected demonstrated LASMX over 115 dBA or LAPK over 140 dBA.  
According to this data none of these employees were over exposed in reference to the OSHA 
Noise Standard.  Current sampling may not be entirely representative of their possible exposures 
which include extended shifts, extended work weeks and arc flash incidents.  Further study 
would be required to demonstrate these situations do not present over exposure before the 
employees could be excluded from the program.  
Table 2: Noise Exposure Line Mechanic Service Department 
Serial 
Number Job Class 
TWA(8) 
dBA 
Dose 
% 
Lapk 
dBA 
Lasmx 
dBA 
10 Hour Dose 
% 
16 Hour Dose 
% 
100339 LS 71.7 15.8 109.5 72.4 19.8 31.6 
100339 LS 64.8 6.1 126.3 104.9 7.7 12.2 
100330 LS 75.1 25.4 127.6 109.8 31.8 50.8 
100340 LS 62.6 4.5 128.8 101.9 5.6 9 
100340 LS 74.2 22.3 129 106 27.9 44.6 
100330 LS 73.4 20.2 134.9 110 25.3 40.4 
100339 LS 71.8 16 139.3 108.7 20 32 
100341 LS 70.7 13.9 128.1 106.4 17.4 27.8 
100339 LS 79.2 44.8 124.9 105.2 56 89.6 
100330 LS 68 9.5 129 110.2 11.9 19 
100299 LS 62.7 4.5 134.6 100 5.6 9 
100330 LS 54.8 1.5 136.2 102.8 1.9 3 
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4.1.3. Gas Technician- Construction Crew 
Noise exposures in the Gas Technician- Construction classification are shown in Table 3.  
This group (N = 18) demonstrated a range of noise exposures from 69.2 dBA to 88.7 dBA with a  
mean of 82.6 dBA and a standard deviation of 4.8.  Six employees demonstrated TWA8 
exposures over 85 dBA, four employees exceeded the LAPK limit of 140 dBA (two of those 
employees were not exposed over 85 dBA TWA8) and seven employees dosimetry recorded 
LASMX data over the OSHA recommended 115 dBA (one of these employees was not represented 
by overexposure in TWA8 or LAPK measurements).  This results in a total of seven out of 
eighteen employees recording an overexposure.  The tasks performed by this group included the 
use of jackhammers, trenching and excavation equipment, response to and repair of gas leaks, 
use of hand and power tools and working around heavy duty trucks.  As a result of this data, 
employees in this group should remain in the hearing conservation program. 
Table 3: Noise Exposure Gas Technician Construction Crew 
Serial Number Job Class 
TWA(8) 
dBA 
Dose 
% 
Lapk 
dBA 
Lasmx 
dBA 
10 Hour Dose 
% 
16 Hour Dose 
% 
100340 GC 79.5 47 126 109.5 58.8 94 
100330 GC 81.6 63 127.5 110.1 78.8 126 
100339 GC 84.6 95.7 128.2 102.8 119.4 191.04 
100340 GC 87.6 145.1 129.3 116.3 181.4 290.2 
100341 GC 81 57.4 134.9 111.2 71.8 114.8 
100299 GC 84.3 91.5 135.1 108.8 114.4 183 
100340 GC 86.3 120.9 139.4 121.3 151.1 241.8 
100330 GC 86.2 118.2 139.6 137.3 147.8 236.4 
100330 GC 88.7 167.8 140.3 131.6 209.8 335.6 
100339 GC 86 116 140.9 116.9 145 232 
100341 GC 80.1 50.8 141.5 132.5 63.5 101.6 
100339 GC 80.9 57 129.8 113.9 71.3 114 
100330 GC 78.5 40.8 126.5 108.7 51 81.6 
100299 GC 87 132.2 129.9 118.2 165.3 264.4 
100341 GC 77.9 37.4 138.1 112.4 46.8 74.8 
100299 GC 86.8 111.8 131.9 110.2 139.8 223.6 
100339 GC 69.2 11.2 129 114.9 14 22.4 
100340 GC 80 50.5 140.1 105.3 63.1 101 
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4.1.4. Gas Technician-Service Department 
Table 4 shows noise exposure in the Gas Technician Service Department (N = 13) 
ranging from 61.8 dBA to 73.2 dBA with a mean of 66.3 dBA and a standard deviation of 5.0 for 
TWA8.  Two samples showed LAPK measurements exceeding 140 dBA and one additional 
sample recorded an LASMX level over 115 dBA for a total of three employees exposed over 
regulatory limits and recommendations.  This work group was not enrolled in the hearing 
conservation program based on previous sampling that only relied on TWA8 measurements.  
Recently this job classification was redesigned to allow employees to cross between Gas Service 
and Gas Construction Departments.  As a result, the group was placed into the hearing 
conservation program in 2016 and, as demonstrated by the samples collected in both those 
groups these employees should remain in the program. 
Table 4: Noise Exposure Gas Technician Service Department 
Serial Number Job Class 
TWA(8) 
dBA 
Dose 
% 
Lapk 
dBA 
Lasmx 
dBA 
10 Hour Dose 
% 
16 Hour Dose 
% 
100299 GS 62.3 4.3 118.4 99.7 5.4 8.6 
100340 GS 62 4.1 118.8 108.2 5.1 8.2 
100330 GS 61.8 4 126.7 96.6 5 8 
100339 GS 71 14.3 127.3 106.6 17.9 28.6 
100341 GS 69.8 12.3 128 97.5 15.4 24.6 
100339 GS 67.6 9 128.4 104.6 11.3 18 
100341 GS 69.7 12 129.8 101.3 15 24 
100299 GS 72 12.9 130.4 106.6 16.1 25.8 
100341 GS 66 7.2 134.9 106.7 9 14.4 
100330 GS 73.2 19.5 135.5 117.4 24.4 39 
100299 GS 67.6 9 143.9 105.9 11.3 18 
100299 GS 63.6 5.1 145.5 105.6 6.4 10.2 
100330 GS 55.9 1.7 122.4 96.2 2.1 3.4 
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4.1.5. Gas Meter and Control Technician 
The Gas Meter and Control Technicians were removed from the hearing conservation 
program based on one day of personal dosimetry in 2008 or 2009.  This new study evaluated 
their noise exposure via both personal dosimetry of routine service/ maintenance route work and 
task based evaluation of the gas blow down process (covered as a separate task based exposure 
evaluation 4.2.2) with additional measurement using a Larson Davis SoundTrack LXT Type II 
Sound Level Meter.  The personal exposures based on dosimetry (N = 13) ranged from 51.5 dBA 
to 91 dBA for an 8 hour TWA with a mean 80 dBA and a standard deviation of 14.3.  According 
to OSHA regulations these employees’ noise exposure during gas blow down tasks surpass the 
threshold for inclusion in an employer hearing conservation program.  In addition, the exposures 
measured as LASMAX and LAPK are above the OSHA exposure limits for unprotected workers of 
LASMAX 115 dBA and LAPK 140 dBA for over half the samples in the study (3M, 2008).  All 
employees present at the gas blow down site (identified in Table 5 by “Blow”) demonstrated 
TWA8 and LASMX values above 85 and 115 respectively, while 3 out of 4 present at the site 
recorded LAPK over 140 dBA.  One employee involved in the Gas Blow Down procedure was 
stationed at a Town Border Station (identified in Table 5 by “TBS”) for monitoring and was not 
exposed to the noise of the pressure release.  The process does require purging of the lines before 
and after repairs, so the remote employee is exposed to shorter duration noise of a similar 
intensity as the employees at the blow down site.  The other Gas Meter and Control samples 
included in the study depicted daily service route and inspection work (identified in Table 5 by 
“MC-Route”).  None of these samples collected on service routes (designated by MC-Route) 
showed TWA8 over 85 while one of these samples recorded an LAPK value over 140 dBA.  The 
previous dosimetry study only monitored employees in this group while on service routes and 
incorporated no task based exposure assessments.  As a result of this dosimetry study and the 
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inclusion of samples collected during the gas blow down process, these employees should be 
permanently enrolled in the hearing conservation program. 
Table 5: Noise Exposure Gas Meter and Regulation Department 
Serial Number Job Class 
TWA(8) 
dBA 
Dose 
% 
Lapk 
dBA 
Lasmx 
dBA 
10 Hour Dose 
% 
16 Hour Dose 
% 
100340 MC- Route 51.1 0.9 121.1 98.4 1.1 1.8 
100330 MC- Route 63.2 4.8 128.4 101.7 6 9.6 
100299 MC- Route 65.5 6.7 131.4 104.2 8.4 13.4 
100341 MC-Route 53.8 1.3 141.4 104.9 1.6 2.6 
100330 MC- Blow  87.8 148.4 135.1 120.7 185.5 296.8 
100341 MC- Blow 88 152.9 137.9 128.3 191.1 305.8 
100339 MC- Blow 85.9 114.5 141.9 134.3 143.1 229 
100340 MC- Blow 89 174.6 142.3 132.2 218.25 349.2 
100341 MC- Blow 91 232.4 142.4 141 290.5 464.8 
100340 MC- TBS 78.6 41.6 142.9 127.1 52 83.2 
100330 MC- Blow 88.1 154.6 143.2 136.8 193.25 309.2 
100299 MC- TBS 84.7 96.5 143.6 126.8 120.6 193 
100339 MC- Blow 86.7 127.8 143.8 130.9 159.75 255.6 
 
4.2. Task Based Exposure Assessments 
Task based exposure assessments were performed using both personal dosimetry and a 
Larson Davis SoundTrack LXT Type II SLM. 
4.2.1. Hydro Excavation 
Larson Davis SoundTrack LXT serial number 0001090 was used to measure sound 
pressure levels of the Vermeer VX50-500 and data was recorded on a for as illustrated in Figure 
5 and revealed noise levels of 99.5 dBA at the loudest point near the power train adjacent to the 
controls.  While sampling it was observed that during setup the throttle can be somewhat idled 
lowering the noise levels, however the employees prefer to set up at nearly full throttle as the 
boom moves faster.  On the day of sampling the set up operation generated a sustained 82.5 dBA 
sound pressure level measured at the operators’ ears approximately 12 feet from the rear of 
trailer and 20 feet from loudest point near power train.  There are some activities during set up 
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that require the employee to be in the area near the controls (99.5 dBA).  The machine is 
equipped with a remote control box that allows operation from quieter areas once the position of 
controls is verified and the throttle is set.  During the excavation process the operators were 
approximately 12 feet from the rear of the equipment and used the suction and pressurized water 
both separately and together.  The noise level of the water alone was sustained at 89.5 dBA and 
the water and suction operated together generated sound at 93 dBA.  Both measurements were 
taken in the operator’s hearing zone.  Background traffic noise measured when equipment was 
not in operation registered anywhere from 78 – 85 decibels.  The work site was approsimately 8 
to 10 feet from the curb and the traffic was a busy commercial/ industrial intersection during 
lunch hour.  Large truck traffic as well as passenger vehicles were prevalent.  
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Figure 5: Noise Study Field Notes Vermeer VX50-500 
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Personal dosimetry samples on the operators of the hydro-excavation equipment 
demonstrated that their 8 hour exposure resulted in TWA8s below 85 dBA.  In addition Figures 6 
and 7, show the exposures measured as LASMAX and LAPK were below the OSHA limits of 115 
dBA and 140 dBA respectively.  The equipment does generate noise at a level greater than 90 
dBA depending on where the employee is working.  In addition to traffic and noise from the tow 
vehicle an employee could experience a TWA8 greater than 85 or 90 dBA depending on the 
employee’s location and duration of job. 
 
Figure 6: Personal Dosimetry Hydro Excavation Operator 1 
 
 
Figure 7: Personal Dosimetry Hydro Excavation Operator 2 
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4.2.2. Underground Boring 
As illustrated in Table 6, the sound pressure levels measured from the Vermeer D 20x22 
bore equipment at various positions and conditions ranged from 77.5 dBA at idle to 104.9 dBA 
at ear level near the exhaust vent at full bore as measured with Larson Davis SoundTrack LXT 
serial number 0001090.  As shown in Figures 8 and 9, employees working on the bore project 
were not exposed to TWA greater than 85 dBA. The bore rig operator was over the limit for 
LASMX (123.9 dBA) and the employee locating underground utilities was over the limit for both 
LASMX (120.9 dBA) and LAPK (141.3 dBA). 
Table 6: Decibel Readings in Proximity of Vermeer D 20x22 at Employee Ear Level 
SLM Measurement Location dBA 
Operator’s Chair Idle 77.5 
Operators Chair Full Bore 87.7 
Exhaust Vent Idle 92.5 
Exhaust Vent Full Bore 104.9 
Walk-behind Controls Idle 80.6 
Walk-behind Controls Full Bore 92.9 
Opposite Side Idle 77.6 
Opposite Side Full Bore 91.8 
Pump Street Side Idle 90.1 
Pump Street Side Full Throttle 101.6 
Pump Curb Side Idle 88.4 
Pump Curb Side Full Throttle 90.5 
10 Foot Radius Full Bore 81.6 
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Figure 8: Personal Dosimetry Data Bore Rig Operator 
 
 
Figure 9: Personal Dosimetry Bore Rig Utility Locator 
4.2.3. Gas Blow Down 
As shown in Table 7, employees involved in the Gas Blow Down process were exposed 
to TWA8s ranging from 85.9 dBA to 91 dBA.  In addition to their TWA8 exposure corresponding 
to inclusion in an employer hearing conservation program, their exposures measured as LASMX 
and LAPK were also over OSHA limits ranging from 120.7dBA to 141dBA and 141.4 dBA to 
143.8 dBA respectively. 
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Table 7: Personal Dosimetry Gas Blow Down 
Serial Number Job Class TWA (8) % Dose Lapk Lasmx 
100330 MC- Blow  87.8 148.4 135.1 120.7 
100341 MC- Blow 88 152.9 137.9 128.3 
100339 MC- Blow 85.9 114.5 141.9 134.3 
100340 MC- Blow 89 174.6 142.3 132.2 
100341 MC- Blow 91 232.4 142.4 141 
100340 MC- TBS 78.6 41.6 142.9 127.1 
100330 MC- Blow 88.1 154.6 143.2 136.8 
100299 MC- TBS 84.7 96.5 143.6 126.8 
100339 MC- Blow 86.7 127.8 143.8 130.9 
 
The Gas Blow Down process was also evaluated using Larson Davis SoundTrack LXT 
serial number 0001090 and recorded sustained sound pressure levels mapped as illustrated in 
Figure 10.   These sound pressure levels ranged from 97 dBA to 130.8 dBA mapped in inhabited 
locations.  Uninhabited areas of the regulator station registered readings as high as 138+ dBA 
during survey activities. 
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Figure 10: Field Notes Noise Study Gas Blow Down 
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5. Discussion 
 Prior to this study, three of the selected groups (Line Mechanic Service, Line Mechanic 
Construction, and Gas Technician Construction) were enrolled in the Hearing Conservation 
Program while the Gas Meter and Regulation Department and the Gas Technician Service 
Department were not included.  Data collection, summarized in Table 8, supports the addition of 
these latter groups to the Hearing Conservation Program.   
 
Table 8: Dosimetry Data Summary 
Personal Dosimetry 
 Percent of Samples Overexposed- At Least One Criterion 
Job Classification TWA8, LAPK, LASMX TWA10, LAPK, LASMX TWA16, LAPK, LASMX 
Line Mechanic Construction 33% 38% 67% 
Line Mechanic Service 0% 0% 0% 
Gas Technician Construction 50% 56% 78% 
Gas Technician Service 23% 23% 23% 
Gas Meter and Regulation 77% 91% 91% 
 
The Line Mechanic Service Department employees were included in the HC program prior to 
this study, however, the results do not support their inclusion in the program.  Further monitoring 
to capture additional noise exposures associated with the position is recommended.  Noise 
exposure doses for all job classifications on extended shifts of 10 and 16 hours were extrapolated 
using the equations: 
Equation 1: TWA8 and TWA16 
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It is also recommended that further data collection should be performed to document exposures 
under extended work hours and operation of equipment during storm restoration to verify that 
their exposures before making determinations as to inclusion or removal. 
 Dosimetry in the Line Mechanic Service Department revealed zero exposures in excess 
of any of the three criterion limits used (85 dBA TWA8, 115 dBA LASMX and 140 dBA LAPK).  
According to these results, this group of employees could be removed from the Hearing 
Conservation Program; however these employees perform tasks that were not available to be 
assessed during the course of the study.  The exposures in question include operation of loud 
equipment during storm response and restoration such as chainsaws and generators.  The line 
mechanic service department employees are also exposed to electrical faults and arc flashes 
while troubleshooting and responding to system outages.  According to the annual training 
provided to the employees these incidents can generate noise up to 140 dB.  Further study of 
these processes demonstrating exposures below limits would be required to remove these 
employees from the Hearing Conservation Program. 
 Dosimetry samples of employees in the Line Mechanic Construction Department showed 
33% of employees over the limits for 8 hour shifts, 38% over the limits for 10 hour shifts and 
67% of employees over the limits for 16 hour shifts.  Employees in the gas construction 
department showed 50% of samples over the criterion limits for an 8 hour shift, 67% over the 
limits in a 10 hour shift and 78% over the limits in a 16 hour shift.  This result is not surprising 
as these two groups use similar equipment in the performance of many of their work tasks.  Both 
these work groups must stay covered under the hearing conservation program.  Task based 
analysis of the hydro excavation and boring equipment used by both groups demonstrated that 
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double hearing protection should be used for ground personnel working near the exhaust or 
adjacent to the pump on the auxiliary water trailer of the underground boring equipment. 
 Employees operating the underground boring equipment in the Line Mechanic 
Construction Department chose the Howard Leight Max Foam Ear Plugs with the NRR of 33.  In 
conversation they related that through personal experience these hearing protective devices are 
the most effective and appear to have the highest attenuation.  In the Gas Construction 
Department the employees were not as diligent about choosing their hearing protection, instead 
they relied on whatever had been stocked on the truck.  One day they may have plugs with NRR 
33 and another day they may have plugs with NRR 27.  NRR 27 hearing protective devices 
would not provide adequate protection in any location with noise at 100 dBA or higher, whereas 
the NRR 33 plugs would provide adequate protection up to 103 dBA according to OSHA’s 
conservative protection calculations as demonstrated in Equation 2.   
Equation 2: OSHA Conservative Attenuation 
OSHA conservative attenuation values for the hearing protective devices available in the 
company store room are provided in Table 9. 
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Table 9: OSHA Conservative Attenuation Values 
NRR OSHA Conservative Estimated Attenuation 
(Attenuation = NRR-7)/2 
33 dBA 13 dBA 
29 dBA 11 dBA 
28 dBA 10.5 dBA 
27 dBA 10 dBA 
 
 Employees operating the hydro excavation equipment in both departments also relied on 
truck stock hearing protection which means they would achieve different fit and attenuation from 
day to day depending on what was available.  In addition, on one of the sample dates one 
employee used hearing protectors that he found in a box under the seat of the truck because the 
normal truck stock was out.  They were still in the package, but they were so old that the store 
room doesn’t carry them anymore and had an NRR 27.  The loudest measured noise on the hydro 
excavation equipment was 99.5 dBA, leaving this employee with a protected exposure of 89.5 
dBA.  Depending on other equipment in the area, traffic conditions and duration of tasks, this 
may not be provide adequate attenuation under other working conditions.  In addition, employees 
who have already experienced a standard threshold shift must have attenuation reducing their 
protected exposure to 85 dBA (29 CFR 1910.95(j)(3)).  For these employees even a 
manufacturer’s NRR 33 would not provide adequate attenuation using OSHAs conservative 
attenuation estimation calculation.  Therefore it is recommended that only NRR 33 ear plugs be 
used with this equipment and employees be provided ear muffs to use in addition.  Further, 
employee training should be updated to include the minimum NRR to be used with the 
equipment and the use of additional ear muffs for those who have had a threshold shift. 
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 Noise sampling results for the Gas Technician Service Department employees revealed 
no noise levels above or near the AL.  They did show the potential to be exposed to LAPK and 
LASMX levels above OSHA limits.  Due to the recent restructuring of the department, these 
employees may now be transferred to the Gas Construction Crews or may be called out on 
overtime to perform Gas Construction tasks which would introduce the potential for exposure 
over the AL.  Therefore, those employees qualified to perform both Gas Construction and Gas 
Service job duties must remain in the Hearing Conservation Program.  Employees performing 
only Gas Service duties should have their LASMX and LAPK exposures evaluated for 
authenticity and source prior to removal from the program if that is a consideration.  Two 
employees in the group experienced peak noise levels above the OSHA impact noise exposure 
limit of 140 dBA.  These two dosimetry samples should be investigated to determine if the 
exposures are authentic.  Further analysis should then be used to determine what the source is 
and if it can be eliminated or controlled.  Until this can be determined these employees should 
remain in the hearing conservation program.  If the source cannot be eliminated the employees 
would be required to remain in the Hearing Conservation Program until future dosimetry 
supports removing them.  
 Meter and Control Technician employees perform tasks with a great range of noise 
exposure.  One day they may drive a service route performing valve checks and turning valves 
only to work on a line purge project the next day.  These tasks result in very different TWA 
exposures, however the LASMX and LAPK exposures are similar.  This could result from the use of 
air compressors and pneumatic tools that have a high decibel start up impact noise but would 
need to be investigated further; however this is an assumption and needs to be investigated 
further before making any program decisions using this as support.  If all employees in this 
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group have the possibility of being assigned to blow down tasks, the entire group needs to 
remain enrolled in the hearing conservation program.  Seven out of thirteen (54%) employees in 
this group were overexposed for an 8 hour TWA and ten of thirteen (77%) were overexposed 
according to any one of the criterion limits used.  This work group needs to be permanently 
enrolled in the hearing conservation program. 
  
 
 
 
Monitoring of the hydro excavation process revealed no personal dosimetry samples over the 
TWA limits.  Area monitoring revealed baseline traffic noise ranging from 78 dBA and 85 dBA.  
Machine noise was measured as high as 99.5 dBA depending on an employee’s location in 
proximity to the machine.  The hydro excavation equipment provides some noise control by 
design as the operation point is approximately 15 feet from the loudest measured noise near the 
power train.  The employees are exposed to the most noise during set-up since they have to stand 
next to the controls.  The machine does come with remote operation and can be set up at a lower 
throttle speed that is much quieter.  Employees stated they generally set the equipment up near 
full throttle because it takes longer to set up at lower throttle speeds.  The noise exposure at the 
point of operation measured 93 dBA when both the suction and pressurized water were in 
operation.  Both employees involved in the operation wore hearing protection, one had personal 
molded ear plugs and the other employee forgot ear plugs and had to dig through the truck to 
find a pair.  Eventually he found a pair but kept taking them out during the process because they 
were uncomfortable and didn’t fit correctly.   
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  Noise measurements taken around various locations of the bore rig equipment revealed 
that employees could possibly be exposed to noise greater than an 85 dBA TWA depending on 
duration of project and the areas in which ground personnel need to work.  Usually when the 
bore rig is in use other equipment (mini-excavators, loaders, trucks etc.) is operated in the 
vicinity.  On the date of sampling no other equipment was present at the site.  Noise levels 
observed during operation of the Vermeer D20x22 boring equipment indicate that employees 
may need to use double hearing protection depending on their location as the equipment 
produces noise at 104.9 dBA near the exhaust vent. 
Currently the highest NRR provided is 33 with Howard Leight Max Foam ear plug.  Assuming 
the minimum protection per OSHA conservative estimate calculation, these ear plugs reduce 
noise by 13 dBA.  This would leave the employee exposed at 91.9 dBA with protection.  
Employees would have to add ear muffs over the top to gain an additional 5 dBA reduction and 
get their protected exposure below 90 dBA.  Once again, employees who have previously 
experienced a standard threshold shift would not lower their exposure below 85 dBA with this 
hearing protection method.  The ground person may experience greater noise exposure than the 
operator depending on their location in relation to machine.  The operator’s chair is relatively 
quiet compared to rest of surrounding area.  Many manufacturers have improved equipment 
designs and exhaust muffling, to accommodate the operator’s need to communicate.  This in turn 
also protects their hearing but may put the other workers at the site at greater risk for damage to 
their auditory structures. 
 Table 10: Dosimetry Data Summary Task Based Assessments 
  Task Based Analysis  
Task Percent of Samples Overexposed- At Least One Criterion 
Hydro Excavation 0% 
Underground Boring 100% 
Gas Blow Down 100% 
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 Employees do not typically wear their hearing protection continuously.  For instance, not 
all employees involved in the gas blow down process wore their hearing protection when they 
used impact wrenches to remove and replace flange bolts to install and remove the vent stack.  
These impact tools expose the employee to impact noise that can exceed the OSHA impact noise 
exposure limit of 140 dBA.  In addition, a compressor on the truck was started up and used prior 
to the employees putting their hearing protection in place.  With the chosen hearing protection 
devices in place for the duration of the job, the exposures would have been reduced to 78.5 dBA 
for the 127 psi study.  These exposures are well below the OSHA exposure limits and would 
protect employee’s hearing.    In addition, employees should not be exposed to LASMX levels of 
greater than 115 dBA or LAPK levels greater than 140 dBA.  In this study employees at the 
regulator station were exposed to noise levels above these values (if they had been unprotected).  
Because the hearing protective devices were not worn for the duration of the process, the actual 
protected TWA cannot be determined. 
 The employees in the Gas Meter and Regulation Department need to remain in the 
hearing conservation program. They are exposed to levels of noise that are greater than the 
OSHA Permissible Exposure Limit. These levels of noise have the potential for permanent 
damage to hearing.  The highest LASMX exposure in this study registered 134.3 dBA.  If this 
employee wore hearing protective devices with NRR 33 plus ear muffs, the combined protection 
according to the OSHA conservative estimation calculation would be 18 dBA reduction or an 
estimated protected exposure of 116.3 dBA, which is above the OSHA guideline of 115 dBA for 
LASMX. 
Equation 3: Estimated Protected Exposure 
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 Employees need to begin using hearing protection when they start the compressor to 
remove flange bolts and leave hearing protection in place until the blow down is complete or 
they leave the area.  It is recommended that employees wait inside vehicles with windows up 
while they are not required to be outside the vehicle.  In this particular study situation the lowest 
outdoor noise area is directly behind the control house between the control house and the system 
piping (see map Figure 10).  Additional sampling is recommended for blow down projects with 
higher initial pressures (300+ psi, 400+ psi, 500+ psi…).  A second study was performed on the 
same pipe with initial pressure of approximately 60 pounds.  The noise levels were fairly similar 
with the difference being a noticeably shorter duration.  Higher initial pressures should be 
studied to evaluate both increased noise levels and potential increased duration of exposure. 
 The Gas Meter and Regulation Department was also counseled to work with the 
engineering department to research muffler systems, baffles or remote operated actuators to 
remove employees from the excessive noise generated at higher initial pressures. The noise 
exposures observed in this study are near the limits of current hearing protection PPE.  There is 
no additional PPE that could be used to gain more protection.  Engineering controls must be 
researched for processes at greater initial pressures to maintain employee noise exposures within 
compliance.  Further, employees involved in the gas blow down process stated that at higher 
pressures the process generates noise “so loud we can feel our insides shaking”.  Though 
vibration was not a focus of this study, this statement is concerning.  The acute effects of whole 
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body vibration mimic motion sickness.  According to the Canadian Centre for Occupational 
Health and Safety (CCOHS), employees exposed to whole body vibration can experience 
fatigue, nausea, insomnia, stomach problems, headache, and/ or shakiness during or shortly after 
exposure.  Employees exposed to chronic conditions of whole body vibration such as truck 
drivers demonstrate a link between vibration and circulatory, bowel, respiratory, muscular and 
back disorders (CCOHS, 2016).  Whole body vibration can only be addressed with engineering 
controls.  When considering engineering controls, a t true job safety analysis must be utilized to 
evaluate the risks of any engineering controls considered.  Engineering controls will introduce 
other hazards (ergonomic, vehicle operations, line of fire, pinch points, etc.) that must be 
addressed during the design process.   
 On any given day an employee from the Gas Technician Construction Crews, Gas Meter 
and Regulation Department, Gas Service Department and Line Mechanic Construction Crews 
could be exposed to noise levels exceeding exposure limits.  In addition, the potential for 
exposure over 90 dBA exists in the Gas Meter and Control Department as well as the Electric 
and Gas Construction Departments requiring the use of hearing protective devices to reduce the 
exposures to below 90 dBA.  In addition, impact tools should be evaluated with SLM equipment 
separately to determine noise exposure levels.  These tools are often used in subterranean spaces 
leading to higher exposures from reverberant noise.  Employees were observed performing these 
tasks without hearing protection because in the employees’ words, “the noise only lasts for a few 
minutes”. 
 Discussions with employees during the monitoring process provided insight as to why 
NIHL persists in the workforce.  Employees made comments regarding what they perceive to be 
noisy processes and what they do not perceive to be noisy.  Employees routinely failed to wear 
47 
hearing protection for short duration tasks above 100 dBA.  This included starting air 
compressors, using pneumatic tools, using impact tools, using power tools inside transformers 
and transformer basements (reverberant noise) and working around operating equipment in other 
than an operator’s role.  It was observed that many employees are comfortable working in up to 
95 dBA and over 100 dBA short term noise without hearing protection.  This may be due to 
decreased sensitivity, but when asked several employees stated they didn’t think it was important 
to wear hearing protection for loud noises when the noise only lasts a short time.  Employees 
tend to respect the noise hazard of equipment operation but fail to recognize the noise hazard of 
routine operations.  For example, two employees in the gas construction group were monitored 
on the same day.  One employee was scheduled operate a trencher for a few hours installing new 
service lines and the other employee was tasked with transporting fuel to several generators that 
were required to maintain emergency equipment for regulatory compliance.  Several employees 
in the work group laughed at the idea of monitoring the second employee and were very 
surprised at the end of the day when the second employee’s exposure was higher than the 
employee operating a trencher.  In addition to these misperceptions, employees tend to like 
overtime money, so they routinely increase the duration of their exposures and continue the poor 
practices of not wearing hearing protection at all times necessary.  It was refreshing to hear older 
employees coaching younger employees regarding using their hearing protection and pointing to 
themselves as the example of what not to do.  The older employees expressed great interest in 
identifying equipment to be monitored as well as asking questions about the results of 
monitoring. 
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6. Conclusion  
 The objective of this study was to determine the level of compliance in the hearing 
conservation program, develop a database of representative sampling and implement a 
monitoring plan that can be recycled to maintain compliance.  The current program failed to 
cover the Meter and Regulation Department employees who should have been enrolled in the 
program due to their participation in the Gas Blow Down process.  In addition, the study 
supports the continued inclusion of the Gas Service Department employees in the hearing 
conservation program.  The Line Mechanic Service Department employees did not present 
exposures requiring inclusion in the hearing conservation program, however additional sampling 
is recommended prior to their removal from the program. 
 Going forward this noise study will be used as a model to evaluate processes and 
equipment as they are introduced to the workforce.  As a result of this noise study, the hearing 
conservation program affected employees list will be redefined and controls will be prescribed 
for employees by job title and for equipment operation/ process by task.  Extended application of 
the findings of this study will include reconstruction of the hearing conservation written program 
and the hearing conservation employee training and evaluation program.  In addition employee 
training will be updated to include noise awareness and perceptions, hearing protector fit and the 
importance of wearing hearing protection at all times necessary.  Further processes to be studied 
include trenching equipment and any new equipment being evaluated for purchase.  Five 
additional field operations groups will be studied to complete a comprehensive analysis of all job 
classes and then a reoccurring dosimetry schedule will be constructed providing a vehicle to 
maintain dosimetry current within two years across jurisdictions in the company.  It is 
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recommended that two additional 5 Bay 3M Edge5 dosimetry kits be purchased to accomplish 
the required sampling. 
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